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NATIOW ADVISORYcoM!MmrEEF~ AERONAUTICS

TECHNICALmm 2228

OF THEI?ACA631-0X2 AIRFOILSECTION

By JohnA. Hkd2y

A wind-tunnelinvestigation of a seriesof modificationsto ths
le~dge regionof the MCA 631+12 airfoflsectionwas conductedto
determinethe possibilitiesof dela@ng the fluw separationthat Dccurs
near the leadingedge of the.basicsectionand of improvingthe stalling
characteristics thereby.

Increasingthe lead~dge radiusor addingthiclmessto the lower
sur$acenear the lead3ngedge did mt improvethe stallingcharacteris-
-khX3and resultedin * smallincreasesin the maximumlift coefficient.
Two camberedmodificationswere effectiveenoughin delqing the lem
edge separationto permitturbulentseparationto beginand extendovera
potiionof th6 airfoilmar the trailingedge,thus causinga roundingof
the lift-curvepeak favorableto the stallingcharacteristics.Substan-
tial increasesin the maximumlift coefficientwere alsorealizedfrom
the cmiberedmodifications.

The movable-typ3modificationswere threele~dge flapshaving
differentle~dge radii,one of wkLch conformedto that for the basic
airfoilsection. Deflectionof the le~dge flapfor the basic
sectionprovedto be effectiveb increasingthe msxirmnnlift coefficient> ‘
but failedto improvethe stallingcharacteristics.The effectof increas-
ing the le~dge radiusof the flapwas foundto be negligible.

I .

13?’I!RODUCTIOIT

The searchfor optimumairfoilsectionsfor higkspeed applicatims
has focusedattentionon sectionsthat‘arethinnerthauthosein comon
UEagebecauseof theirsuperioraerodynamicpropertiesat high speed.
However,thesethinnersectionsare handicappedby theirrelativelylow
maximm lift coefficientsand usuallypoor stallingcharacteristics.
Thesedeficienciesare the resultof the mechsaismof the stallof thin

.
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sections. The fluw separatesfrom the leadingedge priorto the sepsza’
tion of turbulentflow at the trailingedge of the airfoil..5 abrupt-
ness of the flow separationis depmdent on the individualairfoil
section,and is usuallyseverefor airfoilsin the thiclmessratioramge
from 10- to I-2-percentchord.

.

V=ious nsthodsof @mov@g both the maxtmumlift and the stalling
characteristicsof thin sectionshave been more or less successful.Flaps
at both the leadingand the tratlingedgesare effectivein increasing
maximumliftzbut relativelyineffectivein aM.etiatingthe abruptnessof
the stall. B~layer controlby suctionthrougha slot or porous
surfacenear the leadingedgehas both increasedthe maximumlift and
reducedthe abruptnessof the stall. Thesemethodsjhowever}add both
complexityand weightto any practicalapplicationand exe not failure
proof in their operation. ‘

Ih an attem@ to providea simplermeans of @pr”_ stallcharac-
teristics an investigationwas undertakento determinethe effectiveness
of ~terations to the leading-edgeregionof an IJ#LCA,631-012 airfoil
section. This sectionwas chosenbecausea previousinvestigation
(reference1) had demonstratedthat its stallwas the resultof an abrupt
and completeseparationof flow from the leadingedge. The lead~dge
alterationstestedwere of two generaltypes. The first cmisted of
alterationsto the first15 @rcent of the profile$ and the second,of
alterationsto the contourof a lead~dge flaphingedat the l~rcent-
chordstationon-thelower surface.

.

The testswere conductedin the -S 7– by lGfoot wind tunnelNo. 1,
and the resultsincludeforceand pressure+istributionmsasuremmts.

SYMBOLS

A summaryof the definitionsof synbolsused in this reportis as
fOlluws:

c airfoilChordjfeet

()cd drag coefficient= $

cl sectionlifi coefficient

.
(-)Lqoc

%he drag forcemeasuredby the wind+nurcslbalanceis a sum of the drag
of the modeland the skin-frictiondrag of the circularend plates
attachedto the model. .
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()Msectionpitc~ nt coefficietireferred.toquerterchord ~

drag per unit span,poundsper foot=

lift per unit span,pouudsper foot .

pitchingmmeti per unit span>pound+eet *r foot

locslstaticpressurej poundsper squarefoot

free+3treamstaticpressure,pouuds~r squarefoot

()Pzaopressurecoefficient
~o

fre~tresm dpamic pressure
( )
&ovo2 , poundsper squarefoot

free-streamvelocity,feet per second

distancefrombasic airfoilleadingedge measuredpamd-lelto”chord
line,feet

distancemeasurednormalto basic airfoilchordline}feet.
section angleof attack,degrees

le~dge-f lap deflectionanglej

free+treh mass densityjslugsper

degrees

cubicfoot

MmEL AND Am!!!rus

The basicmodelused in this investiationhad an IWA 631-012
airfoilsectionwith a constantchordof f feet and spannedthe 74foot
dimensionof the wind+um,el test section. The firstlS percentof the
model chordwas removableto accommodatethe variousleadi~dge modifi-
cations(fig.l(a)).

~ modelwhich confcrmd entirelyto the IWA 6314n2 coordinates
will hereafterbe refarrerito as the basicairfoilin this report. The
modificationsto the mdel were cti~a to the first17 percentof the
airfoilchordin all cases. Coordinatesfor the E4zsicairfoilsectim
and the variousleading-e@emodificatimsare presentedin tablesI and
112 respectively.

The le~dge m@if icatio~ are derivedas folluws:.

Modification1 (1.= rcent-chordlead~dg e radius).- The salieti
featuresof the developmentof modification1 are shownin figurel(b).

‘See footnote12 page 2.
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A circlewith a radiusequalto 1.5
havingits centeron the chordline
of the basic airfoil. The slope”of-
mined;and3togetherwith the slope

lUOATN 2228

percentof the airfoilchordand
was made tangentto the leadingedge
the circleat x~c = 0.0025 WEU3dete~
of the basic airfoilsectionat the

.

.

l~rcetihord stationand an intermediatecontrolpointtakenat
x/c = O.025ja second+egreeegpa-tionfor the new contourwas developed
(reference2). The controlpointwas arbitrarilylocat6dat the 2.>
Perce?rb+hordstationto give neqly equal increasesin thicknessbetween
ths basic airfoilsectionand modificationlj and betweenmodification1
and modification2. “

MCWication 2 (~rcent+hord leadinm+h radius).- mis ~aifi-
cationwas derivedin the sam manneras modification1 exceptthat a
le~dge radiusof 2-percent-chordwas used.

Modification3 (l>p ercentihordthickm&s distribution.- The upper
surfaceof this modificationremainedthe saw as that of the basic airfoil “
section;whereasthe lower surfacewas alteredby addingthicknesssuch
that the sum of the absolutevaluesof the ordinates‘fortQe upperend
lower surfaceswas equalto the sum of the absolutevaluesof the wr-
and kme~uiface ordinatesfor the NACA 63@15 airfoflsectionfor corre-
spondingch~dwise stations(fig.1(c)). This ~ocedure was followedfor
the first5 percentof the chordjwhereuponthe enlargedlowersurfacewas
arbtirarilyftied back t-othe basic airfoilsectionat x/c = 0.15.

Modification4 (18-prcent-chordthichess distribution).- The deri-
vationof this modificationwas identicslto modification3 exceptthat an
NACA633+18 thicknessdistributionwas providedfar the first5 percent
of the chord (fig.1(c)).

.

Modification5 (+mercent-chordleading-e&e radiusplus circula3-ar
caniberline forwardof the 12.~rcent-chord point).- This mod,ificationc
was a cotiinationof a circ~c camberline f~a of.the 12.5-
percent-chordpoint and modification2. The circular—src camberlinewas
tangentto the chordline of the basic airfoilsectionat x/c = 0.125 smd
passedthroughthe point x/c = 0} y/c= -0.02(fig.l(d)). The ordinates
for modification2 were then laid out normalto We cmiberline In accord-
antewith the practicedescribedin reference3.

Mod.ificatiau6 (offset 3.~rcent-chcmd le~dge radius).- This
modificationwas derivedby constructinga circlewith a radiusof 3.5-
percentchordtangentto tb u~er+uri%ce cont~ of the basic atifoil
sectionat x/c = 0.0025. The lowersurfacewas fairedfrom ths basic
airfoilat x~c =

●

0.15 tangentto the leading-edgecircleat x/c = 0.025 .
(fig.l(e)).

Leaain&eage flaps.- Threeleadi~dge+lap arrangemmtswere
designedby hinging(1Jthe le~dge regionof the basic airfoil

.#

section,(2)t% leadingedge of motification12 sad (3) the leadingedge
of modification2 abouttheirlower surfacesat x/c = 0.15. (Onlythe
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.
le~dge flap for the basic airfoilsectionis shuwnin fig. l(f).)
A circular-arcblock servedas a fairir@on the upper surfacebetweenthe
trailingedge of the flap end the l~rcent+hord station.

A row of static-pressureorificeswas installedflushwith the surface
at the midspansectionfor all model arrangementsexceptmodifications3
ana4. “

TESTS

.

All testswere
foot,a Mch nuuiber
chorddimension,of

madewith a dynamicpressureof 45 poundsper square
of O.l~j and a Reynoldsnuniber,based on the k-foot-
4.92 Dlil.liO?J.The forcedata have been correctedfor

the constraint ‘ofthe tunnelwailsby the methodof reference4. Circ*
end plates, formingpert of the tunnel-floorand ceiling,were attachedto
the model. lleasure~ntsof drag of the model includethe unlmowntare
drag of these circularend platesand are presentedonly as a meansof co*
parison of incrementalchangesdue to the variouslead~dge modifica-
tionsand not as an indicationof the absolutevaluesof the drag.

Considerabledifficultywas encounteredin obtainingdatabeyondthe
stallfor some configurationsdue to violentbuffetimgand shakingof the
model. Pressuredistributions,measuredby mans of multiple-tubemano?&
eters,were recordedphotographically.Flow pattens abouteach of the
modificationswere observedfrom indicationsof tufts spacedsymmetrically
aboutthe midspansectionoverthe entireuppersurfaceof the model.

.

RESULTSAND DISCUSSIOIi

Effect of Lead.in&Wdgelbdifications

stallingcharacteristics.- A co~arison of the stallingcharacteris-
tics of the modelwith the variousmodifications~ best be discussedby
referringto figure2. With modification1 or 2, thq stallingcharacte~
isticswere nearlyidenticslto those of the basic airfoilin that the @aks
of the lift curvesare sharpand there is littleor no tendencyfor the
curvesto round overnear maximumlift. The lift curvesf6r modification
3 and 4 are slightlymore roundedimmediatelypreceding Czm - those
previouslym?mtioned,but tufb observationsindicatedthat the flowwas not
separatedoverthe trail~dge regionfor any of thesefour modifications.
Therefore,the additionalroundingof the lift curvesin the casesof modi-
fications3‘and 4.can be attributedonlyto a thickerboundarylayerover
the rear portionof thesemdels. However,the largeand suddenloss in
lift followbz maximumlift. characteristicof the basic airfoilsection,
also was

.
observedfor modifications1, 2, 3, end 4. This t~ of stallis
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generallya resultof a failureof tha separated
leadingedge to reattachto the upper surfaceof

lUICATM 2228

bouudarylqer nsarthe
the airfoil.

Previousinvestigationshave shownthat a small,localizedregionof
separatedflow is discernibleon the uppersurfacenear the leadingedge
of the llACA631-012for moderateanglesof attack. ~s region- the
so-called%ubble:tof separatedflow- movesforwsrdal@ the surfaceas
the angleof attackis increased. In reference5 it was statedthat the
size of the regiondecreaseswith increasingReynoldsnmiber. As the
bubblemovesforwardalongthe surfaceof the airfoilit is subjectedto
increasedlocslvelocitywhichreducesits chordfiseextent,but the
increasedcurvatureof the surfacefor the more forwsrdlocation“makes it
more difficult for the separatedflowto reattachto the surface. The
limitingconditionoccurswhen the effectof curvatureovercomestbe
effectof increasedvelocity-andthe flow is no longerable to reattach
to the surface. The amountof liftthat is lostwhen the eagleof attack
for maximumlifthas been exceededdependson the extentof turbulent ,,

separationoverthe rear portionof the airfoilat the tim of lead~ ‘
edge separation.

With mod.ification 5 or 6 som improve~nt in the stallingcharacte~
isticswas obtained,as Wicated by the slightruundingnear the lift-
curvepeaks. This roundingis a resultof separationof flowwhich
occurredimitialJynear the tr-ailingedge of theseairfoils. The complete
stallof the airfoil,huwever,was probablythe resultof the failureof
the separatedfluw near the leadingedge to reattachto ths surfaceof the
model,thus providingthe abruptloss in lift oncethe maximumvaluewas
attained.

*
Maximumlift.- The effectof the leading+dgemodificationswas to

increasethe maximumlift in all cases (fig.2). Modifications1 and 3,
althoughthey differedradicallyin contour’ne& the leadingedge,had
approximatelythe sam lead@@lge radius(1.>~rcent chord),and the
increasesin maximumlift.coefficientoverthat for the basic airfoil
were 0.05 and 0.06,respectively.Modifications2 and k likewisehad dis-
similarprofilesnear the leadingedgebut had approximatelythe same
leadin&edgeradius(>percent chord),and the increasein maximumlift
coefficientoverthat for the basic airfoilwas 0.14 for both modifications.
Modification5 increased cz 0.29 omr that for the basic airfoiland
0.15 overthat for modificat%% 2, the uncauiberedcounterpartof modifica-
tion 5. The greatestincreasein c1 was obta~d with modification6
and amountedto 0.35 overthat for thi!?’?$asicairfoil.

Theseresultsare summarized in the folhwing table:

..- —--—.——.. . ..— -—— -.. -. T— - _ > ___
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., II Increaseh clm
Airfoilsection c2=

&er basic*foil

Basic
Modification1

Do. 2
Do.
Do. ?
Do. 5
Do. 6

1.36
1.41
1.50
1.42
1.50
1.65
l.-/l

0.05
.14
.06
.14
.29
.35

hDr.- The drag characteristicsfor the basic airfoiland the six
modificationsare presentedin figure3. In all casesfor lift coeffi-
cientsabove0.8, the drag coefficientsof the modificatio~are less
than those of the basic airfoilsection. Even in the luw+rag rangefor
the basic airfoilsection,the maximumincreasein the drag coefficient
for any of”themodificationsinvestigated,-in this casemodification,
was on the orderof 0.002.

Pitchingmoment.- Onlywhen the modificationincorporateda form
of caziberwere zero-liftpitchingmomentsfor the model changedfrom
those of the basic airfoil(fig.4). Even then the additionalnegative
moment,prevalentat the luw lift coefficients,tendedto disappearas
the valuesof the lift coefficientapproachedtheirmaximum.

.
Pressuredistribution.- Press@e distributionsfor the basic

airfoiland the variousmodificationsfor approximatelyequalvaluesof
lift coefficientare presentedin figure5. ~reasing the leading-edge
radiuswithotithe inclwion of csaiber(modifications1 and 2)”had the
effectof reducingand roundingthe negativepressurepeek end reducing
the rate of pressurerise. The inclusionof cauiber(modifications5 and
6) servedto &crease furtherthe peak and the adversepressuregradient.
These changesin tbs pressuredistributionwould delaythe forward~m
gressionof the bubbleof separatedflowwith increasingemgleof attack
and probablyaccountfor the greatermsximumlift coefficientsobtained
with thesemodifications.In the case of modifications1 end 2, the
dew in forwardprogressionof the bubblewas slightend not sufficient
to permitturbulentseparationto startat the trailingedge. Fkogression
of the localizedflow separationtuwardthe leadingedge,however,was
sufficientlydelayedin the case of modifications5 and 6 so that turbulent
sepsration was permittedto startat the trailingedge. Tuft observations.
confirmedthe onsetof separationfrom the trail~d@ regionend also
indicateda steadyforwardprogressionof the turbulentseparationyotit
with increasingangleof attack. The regionof nearlyconstantpressure
coefficientsin figure6 suggeststhis area of turbulent-flowseparation
extendedforwardto approximatelythe 7>percent-chordstationbefore

%= was reached.
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Effect of Ieadin@idgeFlap
.

Testswith the le~dge-flap arrenge~niw-indicatedonly small
effectsdrm to chsagesin le~dge radius;therefore,onlydatafrom
testsof the modelwtth the flaphexingthe basicairfoilsectionare -
presented.

stallingcharacteristics.- Deflect@g the lead~dge flapproved
to be only slightIyeffectivein impruvingths stallingcharacteristics .
of the basicairfoilsection. Improvementti stallingcharacteristics
occurredfor deflectionsof the le~dge flap only in tb range
between15° and 30° f% tich a slightrounding of the lift-curve peaks
(fig.7) was evident. h this range of flap deflections,tuftsindicated
that separationof the boundarylayeroverthe tr~d& portionof
the airfoiloccurredinitially”at au angleof attackseveraldegreesbelow
that for Cz=. Hemmer, the stallassociatedwith c2& for all
anglesof deflectionof the le~dge flapwas ~obably a resultof a
failureof the separatedlamhar boundarylagerto reattachto the sw ,
face of the airfoil.-The differencesin lift curvesfor the airfoil
sectionwith a le~dge flap at 0° deflection(fig.7) and thosefor
the basicairfoilsection(fig.2) were probablydue to a slightsurface
discontinuityat the fla~kirt trailingedgew~ch was not ~esent on
the basicairfoil.

Maximml ~.- Deflectionof the leading-edgeflap effectively
addedcauiberto th airfoil,end therebydelayedseparationof the flow
to greateranglesof attackand increasedthe nwdnmm lift coefficient.
Asummxry of the maximumlift coefficientsobtainedfor variousdeflec-
tionsof the le~dge flap is pqesentedin figure8. For deflections
of the leading-edgeflap from0° to 10°,the msxinmmlift co+? ficient
increasedfairlyrapidly;for deflectionsgreaterthan 10° but lessthen
30°,the j~- lift coefficietiremainednearlyconstant;end for
deflectionsgreaterthen 30°,the maximumlift coefficientdecreased.

Lift, drag, and pitchingmoment.- The c~er” due to the deflection
of the le~dge flap causedan increaseof the angleof attackfor
zero lift (fig.7). C&respmdhglY, thsre was an increase in negative
:;:?= nt coefficientat zerolift end em increasein the angleof

minimumdreg. The add.itiondnegativepitchingmomnt due to
deflection,w~ch was quitelargeat smallenglesof attack,diminished
with increasingangleof attackmch in the sam manneras that described
for modifications3 through6.

Pressuredistribution.-!l!hechordwisevariathns of the pressure
coefficientP for threeVSJ.UBSof lift coefficientwith each of four
le~dge flap deflectionsere wesented h figure9. In the graphs
of pressureUstributionfor the leading-edgeflap,the locationsof the
~essure orificeson the deflectedflaphewebeen projectedback to the
wiginal chordline. Thispermittedthe pressurecoefficientsfor both
the flap and the circ~ c blockto be plottedin theirproperchord-
wise sequencestartingfromthe leadingedge and pro~essingtuwszdthe

.,.

,
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trailhg edge..With a leading+dge-flap—

9

deflection of 15°,two negative
pressurepeakswere establishedfor the higherii?% coefficients.For
lM% coefficientsof 1.19 and 1.54,the peak at the leadingedge.pr&lom-
inatedsad undoubtedlywas of sufficientmsgnitudeto causelot.@.laminar
separation.Followingreattachmmt of the flow to the surfaceof the
airfoil,the turbulentboundary@er was then thinned-bythe increasein
velocityassociatedwith the secondnegative~essure peak and conse-
quentlyhad lesstendencyto separatewhen o%rcoming the ~ssure rise
overthe afterportionof the model. The ovw-all effectwas to enable -
furtherincreasesof the angleof attackand consequentlyths lift of“the
modelbeforethe sepsratedlaminsrboundary-r was unableto reattach
to the surface. For lift coefficientsapproachingthe maximum,the
pressuredistributionsand the tuft obsemationsindicatedthat the tur-
bulentboundarylsgerwas separatedoverthe rear portionof the model
with the le~dge flap deflected15°.

As theangleof d.eflecti’mof the le~dge flapwas increased
to 30°,the negativepressurepeak near the leadingedgewas nat present
for the two lowervaluesof lift coefficient(C2 = 0.61 and C2 = 1.17).
Therefore,the flowprobablyremainedlaminsru@il the pressurebeganto
rise.behindthe negativepressurepeak associatedwith the circular-arc
block. For anglesof attackgreaterthan 8°,. however, the pressures near
the Umling edge decreasedat a greaterrate thanthosefartlmrback on
the lead~dge flap (fig.10) so that,afteran angleof attackof
approximately14° - reached,thereexistedthe customarynegativepress-
ure peak nearthp leadingedge. As a result,fuUy developd turbulent
bmm@@ayer flowmust be assuredto have occurredaheadof the second
negativepressurepeak for anglesof attackgreaterthan 14°. As the
angleof attackfor the maximumlift coefficientwas approached,sepsra-
tian of fluwbeganto appearnear the trailingedge of the model. The
existenceof separationof the turbulentboundarylayeras far forwardas
8~rcent chordpriorto the stallwas indicatedby both the pressure
distributions(fig.9) end tufts. ,

For a @o deflectionof the lead~dge flap,the nsgativeWesswe
peak near the leadingedgewas completelyeliminatedthroughoutthe
entireangle-of-ttackrange. For low and mmierateanglesof attack,
tuft observationsindicatedthat smoothflow-S =m~d to ~ ~ga–
tivepressurepeak overthe circulararc block and that noticeably
rougherflowtook placein the regionof pressurerise immediatelyfol-
lowingthe pe@. For anglesof attackapproachingthosefor maximm
lift,ohlya slightamountof turbulentseparationnearthe‘trailingedge
was evidentfromthe pressuz%distributionand tuft observations.The
stall,resultimgfromthe breakawayof flow overthe circular+wC block, ‘
occurredbefore tbs customsrynegativepressurepeak nearthe leading
edgewas established.To this causemustbe attributedthe decreasein
the msximumlift coefficientfor deflectionsgreaterthan 30°. The flow
separationresultingin the stalloccurredinstantaneouslyoverthe
entireuppersurfacebehindthe circular+arc blockbut failedto disrupt
the smoothcharacterof the flow overthe uppersurfacefromthe leading
edgeto the

. . .. . ..-

Cir~C block.
-- —
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CONCIIISIOlfS

NACAm 2228

A wind-tunnelinvestigationof modificationsto the lead~dge ,
regionof the NACA 631-ow airfoilsectionhas shuwnthe fol.lowidg
results:

1. Modificationswith greater-than+ormallead~dge radiicob
binedwith certaintypes of csniberhad a favorableeffecton the msximum
lift,but showedonly slightimprovementsin the stallingcharacteristics.
Modificationswith greate~than+aormslle~@& radiiand no caniber
and modificationsincorporatinga superpositionof increasedthiclmess
showedlittleor no ingmovemmt over eitherthe maximumlift or stalling
characteristicsof the basic airfoilsection.

2. For the basic airfoilsectionwith le~dge flaps,the maxi- .
mum lift coefficientincreasedfairlyrapidlywith flap deflectionsup to
a deflectionof 10°, remainednearlyconstantfor the remge of deflectio~
from 10° to 30°, and decreasedfor deflectionsgreaterthan 30°. The
stallingcharacteristicsthroughoutthe range of lead~dge-f lap deflec-
tionsremainedessentiallythose

Ames AeronauticalIaboratcmy,
NationalAdvisoryCommittee

MoffettField,Calif.,

of the basic airfoilsection.

u

for Aeronautics,
Sept. 14, 1950.
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TABLE I.- COClRDIlJA!lX3“FCR TEtE

[Stationsand ordinatesgiven

NACA63Mn2 AIRFOmSECTION

in percentof’airfoilchord]

Station Ordinate

o o“
.985

‘:?5 1.194
1.25 1.519
2.5 2●102
5 2.925
7=5 3.92
1-0 :.;;;
15
20 5:342
25 5.712
30 5.930

6.000
Zl 5.920
45 5.704
50 . 5.370
55 4.935
60 4.420
65 3.840
70 3.210
75 2.556
80 1.902
85 1.274

‘ 90 .707
95 “.250
100 0

L.E. radius: 1.087-
~rcent chord.

u.

,
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TABLE II.-COORD~&l?ESFOR9!HEVARIOUSLEADIMHIX3E.MCiDIFICA!I!IQl?S
[Stationsandordinatesgiveninpercentof airfoilchohd]

Ieadti@d@ Modification2Ieadh@ldge llod~lcation1

Ormlate ~

o
1.325
1.575
1.936
2.525
3.238
3.727
4.124
4.799

station OrMnate

o 0
●5 1.i25
*75 1.355

1.25 1:705
2.5 2.310

3.100
?=5 3.660
10 4.095
15 4.799

L.E.radlua:1.>
peroentchord.

Stati(x

o
.5
.75

1.25
2.5
5
7.5
10
15

.

*

.

.

Ieadin@ld@ Modification3 uaw~a~ Modification 4

mr surfaceLowereurfaoe w
Upperrmrface

=

Lower surface

station” Statim
1

)rdinateStation)rdinate

o

:75
1.25
2.5
5

0
.985

1.194
1.519
2.102”

0

:75
1.25
2.5

7.5
10
15

0
.985

1.194
1.519
2.102
2.925
3.542
4.039
4.799

0

.5

.75
1.25

0
-1.823
+.232
4.915
4.106
+799
-6.388
-6.173
-4.799

o’

:;5
1.25
2.5
5
7*5
10
15

0
-1.423
–1.730
+2.237
3.118
~.g

+:068
-4.799

2.5
5

●

2.925
3.542
4.039
4.799

7.5
10
15

,

7.5
10
15

J I

Leadin@!ld@Modffioation5 Ieadin@d@ Modification6

Uppersurfaoe IOwersurface

stationordinateStatim Ordtiate

o 0.363 0 3.243
.985 .5 3.889

:75 1.194 .75 -4.121
1.25 1.519 1.25 :.4~
2.5 2.102 2.5
5 2.925 +:080
7.5 3.5&2 ?.5 + .100
10 4.039 10 3.$
15 4.799 15 ●

I Uimersurface.ILowersurface

o
.103
.288
.706

1.870
4.394
7.035
9.743
15.000

-0.919
-*575
-.256
.246
1.177
2.473
3.385
4.o38
4.799

0 -1.851
.897 -3.103

1.212 3.268
1.794 3.470
3.130 3.713
5.606 3.889
7.965 “-4.01J-
10.257 -4.194
15.0004.799

.

“

I I I

L.E.radiue:3.5-percentchord.
CenterforL.E.radius:

. # t 1

L.E.radfus:2.O-percentohord.
%ntar forL.E. radius:
Sta.,1.945; ordinate, -1.385. I Sta., 3.000;Ordinate,-1.440.

..
,.. . . .. . .. . ..$—,:. ” ““..-””: -!, ,’... . .
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L Remowble nose

(..) Typicol section through the modd
.

“ 2.50
0.25-

Slopes of the L.
circles at 0.25 L09R (Basic- airfoil)

of the
akfoil

(b) Design o’etdls for modifications ~ ~ 2.

~ Thickness for the NACA
Thfckness fw tie NAGA

(c) Modifiwtions 3 & 4.

“Ea
300 /5Do
250
Q25

3.50R ‘ ~.

(e) Afodiffcotion 6.

6 018 “--\
& 015

(iiModification 5.

Ci?cuh7r-arc

(t)Leating-edge f/up.

Note: Al! o%mndons h perceni chord. v

Figure /.- Geometry. of the model om’ the venous

/eodng-etfge mootficufions.
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Figure 2.- Effects of the various fixed Ieadhg-edge

modifications on the section /lft characteristics of the

model.
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Drag coefficient, cd

Figure 3.- Effects of the venous fixed

.06 .07 .08

Ieuohg-edge

modifications on the drug characteristics of the model

.

0

. . . . . -—. —--— .—.—,----- -:-— . .— -..—..- -- .—.~— --. — — —-. —---—------. . -.,,. ..-,, .-’ . .



,

16 w TN 2228

0

/.4

.2

0

I

,
H ml

II
■ a , , ,
I

,
L I 1 I

1 I 1 1

. . .
1 1 I

llAKlbl

ml

I
In

I I
❑

I

000’,0000 704 -.08
000 A’Ad Q

Section pitchhg-momeni coefficient, cm

Figure 4.-Effects of. the various fixed Ieudng-edge
modifications on the section pitching-moment
characteristics. of the model.
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Figure 5—Detuded upper-surface pressure distribution in
the vicinity of the fixed Ieuahg-eo’ge modifications.
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Figure 6.—Pressure distribution near maximum lift.
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F@ure 8.- The variation of maximum section lift

coefficient with leading-edge flap deflection.
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Figure 10.- The variation of pressure coefficient
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